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 1I n t r o d u c t i o n
Over the last forty years most economies in Sub-Saharan Africa have been characterised by
exchange rate instability, ﬁnancial fragility and high inﬂation. The continent as a whole
is the furthest from achieving the UNDP’s Millennium Development Goals, and seems
to be diverging from rather than converging on the industrialized world (Easterly and
Levine, 1997; World Bank, 2003). Many Sub-Saharan African countries are economically
very small, and it is possible that one factor handicapping African economic development
is the absence of opportunities to exploit economies of scale in production and trade.
For this reason, the promotion of macroeconomic integration in Sub-Saharan Africa is, if
anything, even more urgent than elsewhere in the world.
One possible route to greater macroeconomic integration is the formation of monetary
unions. In fact, there is a part of Africa — the African Financial Community (CFA) — in
which a monetary union has existed for over half a century. At present, the CFA comprises
14 diﬀerent countries formed into two monetary unions, the West African Economic and
Monetary Union (UEMOA) and the Central African Economic and Monetary Community,
CEMAC). In each of these two areas there is a single currency and a single central bank
setting its own interest rate and credit creation targets.1 These monetary unions trace
their existence back to the monetary institutions of French colonial Africa. The two
central banks (the BCEAO and the BEAC) date from 1955, seven years before the end of
French rule, and most of the current member states have never had a national currency.
The two CFA currencies were pegged against the French Franc at a ﬁxed rate, until France
adopted the Euro, the currency to which the CFA currencies are now pegged. There has
been a single devaluation of the two currencies against the French Franc, in January 1994.
There is a body of evidence suggesting that membership of the CFA has generated
1Although UIP with France appears to hold in the very long run (Shortland and Stasavage, 2003),
interest rates in each of the two monetary unions do diﬀer from those in France (and from each other)
in the short run. The French Treasury is responsible for maintaining the exchange rate pegs, by oﬀering
an inﬁnitely elastic supply of Euros for CFA Francs, as long as the CFA countries adhere to certain rules
about credit creation. So the two central banks have the freedom to vary their base rate in order to
pursue short-run macroeconomic objectives.
2substantial beneﬁts for many of the member states in terms of monetary and ﬁnancial sta-
bility and regional integration (Stasavage, 1996; Fielding and Shields, 2003). However, the
two current monetary groupings are a function of historical rather than economic factors:
they represent the two halves of French territorial possessions in tropical Africa, divided
by the former British colony of Nigeria (see Figure 1). Both monetary unions comprise a
wide range of economies: some are semi-industrialised and — by African standards — rela-
tively developed (for example Cˆ ote d’Ivoire and Senegal). Four are petroleum exporters:
Cameroon (though its export base is more diversiﬁed than that of the following coun-
tries), Congo Republic, Equatorial Guinea and Gabon. Some are low-income landlocked
countries on the edge of the Sahara (for example Mali and Chad). There is a concern
that the existing groupings entail welfare losses because a single monetary policy is ap-
plied to a diverse range of countries. Not all countries can be expected to respond in the
same way to a given policy innovation, so (for a given desired macroeconomic outcome)
a single policy does not represent a First Best. In such a case there are potential welfare
gains from re-grouping the countries accordi n gt oa ne c o n o m i cr a t h e rt h a na nh i s t o r i c a l
rationale.
In order to address this concern, it is necessary to quantify the degree of macroeconomic
heterogeneity that prevails across the CFA. Summary economic statistics, for example
those presented in Table 1, indicate the potential for a large amount of heterogeneity in
terms of factors such as per capita income and the structure of production. But little
if any work has been done to quantify the macroeconomic consequences of the diversity
illustrated by the table. One reason for this is that macroeconomic data for the poorest
countries in the region are very limited, so it is infeasible to construct a structural macro-
econometric model that encompasses the whole of the CFA.
[Figure 1 and Table 1 here]
In this paper we navigate a way round this diﬃculty by ﬁt t i n gaV E C M( V e c t o rE r r o r
Correction Model) of annual output growth and inﬂation in CFA member states that
does not embody any restrictions to identify structural parameters. Instead, we draw
out the information implicit in the ﬁtted model by constructing persistence proﬁles for
3innovations in output and prices in each of the countries. These proﬁles permit us to
investigate the degree of heterogeneity in the way each of the economies responds to
macroeconomic shocks, and to see if there are identiﬁable sub-groups of countries across
which there is a reasonable degree of homogeneity. Among such a group of countries
the costs of a single currency would be relatively low, and the case for a monetary union
much stronger. Our application of this methodology to the CFA illustrates a way in which
empirical macroeconomic analysis can be used to address questions about the costs and
beneﬁts of a single currency, even when data are relatively scarce.
2 The Modelling Framework
2.1 Overview
There are two established approaches to the estimation of regional shocks across a mon-
etary area and their consequences. The ﬁrst (exempliﬁed by Funke and Hall, 1998) has
f o c u s s e do nt h ei d e n t i ﬁcation of aggregate supply and demand shocks in each region, using
long-run restrictions in the style of Blanchard and Quah (1989). Because the interpreta-
tion of these structural innovations is the subject of some controversy (Levtchenkova et
al., 1998), other authors (for example Giacometti and Pinelli, 1999) have chosen not to
impose a particular set of theoretical long-run restrictions on their model. Instead they
explore the dynamics of prices and output in each region through impulse response analy-
sis. However, the application of impulse response analysis is not theoretically innocuous.
The impulses to which the system’s response is measured are orthogonalisations of the
estimated reduced form innovations. These orthogonalisations (for example, Choleski de-
composition) are not invariant to the ordering of the variables in the system. Implicit
in the ordering is a theory about how the variables interact: in eﬀect, a set of short-run
restrictions.
We wish to avoid such restrictions, since our intention is to provide insights into
national diﬀerences and similarities in the evolution of observed variables rather than in
the structural model underlying them. Our analysis of the dynamics is conducted by
constructing measures of persistence and persistence proﬁles, as described below.
4The overall modelling approach is based on a VAR framework in national output
growth and inﬂation. This framework provides a ﬂexible method for characterising the
evolution over time of national output growth and inﬂation, as well as readily accommo-
dating relatively complicated forms of international interactions and feedback.
Our model will include measures of output growth and inﬂation for the diﬀerent nations
of the CFA. We begin by considering a general model of output growth and inﬂation for
i=1, 2,...,m nations. Assuming that output growth and inﬂation are stationary with
deterministic means, then it is always possible to obtain an MA representation of national
output growth and inﬂation in the following form (see Wold, 1983):
∆zt = µ + A(L)εt (1)
In this expression ∆zt =( ∆yt,∆pt)
0 represents a stacked (2m x1 )v e c t o rw h e r e∆yt =
(∆y1t,∆y2t,.....,∆ymt)
0 is a (m x 1) vector containing values on output growth in each
of the m nations in time t, ∆pt =( ∆p1t,∆p2t,.....,∆pmt)
0 is a (m x1 )v e c t o rc o n t a i n i n g
values on inﬂa t i o ni ne a c ho ft h em nations in time t and ∆ is the diﬀerence operator.
µ =(µy,µp)
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it)i nn a t i o ni at time t, with a covariance matrix Ω. In this multivariate





k, A0 = I2m, (2)
and the (i,j)-th element of A(L) is the lag polynomial aij(L). Hence, for instance, in
addition to the eﬀects of current and past values of innovations on ∆zt in nation i itself,
output growth (inﬂation) in nation i may also be aﬀected by past values of shocks to
nation j to output growth or inﬂation. Moreover, there may be a systematic association
between the occurrence of shocks in nation i and those taking place elsewhere (captured
by the non-zero oﬀ-diagonal elements of Ω).
5Expression (1) has a fundamental moving average representation, and, in general, this
can be approximated by a ﬁnite order VAR model of the form
B(L)∆zt=∆zt+B1∆zt−1+B2∆zt−2+..... + Bq∆zt−q= µ
∗+εt, (3)
where Bs,( s =1 ,2,....q) are (2m x2 m) matrices of coeﬃcients, and the (i,j)-th element
of Bs, denoted byipjs, relates to the coeﬃcient on inﬂation (denoted by p)i nn a t i o nj,
lagged by s periods, in the equation explaining output growth (denoted by y)i nn a t i o ni.
In this ﬁnite order VAR model, output growth in nation i is explained by q lagged values
of output growth in nation i, q lagged values of inﬂation in nation i,p l u sq lagged values

























This type of model has a very large number of parameters. For example, if q =2a n d
m = 10, the number of terms the right hand side of expression (4) equals 40, excluding
the intercept and error terms. Such a model is likely to be over-parameterised, and
its application to small macroeconomic time-series is unlikely to produce robust results.
However, one plausible simpliﬁcation of the model is to restrict the international feedback
eﬀects so that all foreign price or income changes have the same impact on country i’s
income (or prices). In this paper, we ﬁt a model that includes an aggregate income
eﬀect for the whole CFA. For the aggregate price eﬀects, we use a slightly more ﬂexible
speciﬁcation, distinguishing between a price aggregate for country i’s monetary union
partners and a price aggregate for the countries of the other monetary union. (A similar
disaggregation of the aggregate income expression turns out not to improve the ﬁto ft h e


























































where the ﬁrst k =1 ,...,m0 countries are members of monetary union A, the union to






















where the l = m0+1,...,mcountries are members of union B, the other monetary union.
The model represented by equations (5) - (6) imposes the following restrictions:
1. Lagged output growth in countries other than i has a uniform eﬀect on growth in i
2. Lagged inﬂa t i o ni nc o u n t r i e so t h e rt h a ni (but belonging to the same monetary
union) has a uniform eﬀect on inﬂation in i;t h ee ﬀect of inﬂation in countries of
the other monetary union is also uniform.
3. Lagged output growth in countries other than i has a uniform eﬀect on inﬂation in
i.
4. Lagged inﬂation in countries belonging to the same monetary union has a uniform
eﬀe c to no u t p u tg r o w t hi ni;t h ee ﬀect of inﬂation in countries of the other monetary
union is also uniform.
Although such a model restricts the possible interactions that exist between diﬀerent
nations, it will be a good approximation of the true DGP as long as there is not a great deal
of heterogeneity in international feedback eﬀects. Note also that there is no restriction on
the structure of the correlation of contemporaneous shocks to diﬀerent nations, so there
is still scope for substantial international heterogeneity within the estimated model.
7If important interactions exist between the levels of zt, the existing modelling frame-
work can be readily adapted to allow for the presence of cointegrating relationships in the







where Π is a (2m x2 m) reduced rank matrix determining the extent to which the system
is cointegrated. Again, for empirical purposes, we restrict (9) and give the following form







































+ λi (yit−1 − pi,t−1)+ε
y
it,
and an analogous expression can be written for the inﬂation. In expression (10), y−i,t
represents the (equal-weighted) aggregate of (log) output outside i and pA
−i,t represents
the (equal-weighted) aggregate of (log) prices outside i but in the same monetary union.
pA
it and pB
it are similar aggregates for all of the countries in i’s union (including i)a n df o r
all of the countries in the other union.2 Hence, in its most general form, the model allows
for the possibility for the same long-run relationship across all m nations between output
levels, the same long-run relationship amongst price levels across all nations, and for price
and output series in nation i to be cointegrated.3
2.2 Measuring the persistence of shocks
The trans-national, multivariate VECM model presented above provides a ﬂexible frame-
work within which an analysis of output and price determination can be carried out. Of
particular interest are the long-run responses of the variables in zt to shocks, and the
dynamics of adjustment to the long run. Pesaran et al. (1993), Lee and Pesaran (1993)
2As p e c i ﬁcation using average import weighted aggegrates yielded almost identical results and did not
improve the ﬁto ft h em o d e l .
3This would be the case, if, for instance, all the series were driven, equiproportionately, by the same
(stochastic) trend, such that the series do not diverge in the long run.
8and Lee and Shields (1998) provide the means for identifying the eﬀects of speciﬁed types
of shock, and for distinguishing between the eﬀects of shocks common to all nations and
those associated with individual nations. We can investigate the evolution of individual
variables in response to shocks, without resorting to a priori restrictions, by using persis-
tence proﬁles (see Lee, Pesaran and Pierse, 1992, henceforth LPP). We will next provide
a brief description of the measurement of the impact of shocks, showing how they may be
used to construct measures of interest.
If a series is non-stationary, then the eﬀects of a shock to the series is permanent and
t h es i z eo ft h ep e r m a n e n te ﬀect of the shock is termed the ‘persistence’ of the shock.
In LPP, a measure of persistence is suggested which can be applied to a trans-national
model, and is based on the change in the conditional variance of zt at the inﬁnite horizon.
If zt is stationary, then eventually the series will return to its mean level with certainty, so
the change in the conditional variance of predictions of zt will tend to zero. Conversely, if
zt is I(1), the conditional variance of predicted future zt continues to grow as the forecast
horizon extends. Hence the extent of the permanent eﬀect of a shock is reﬂected by the
size of the growth in the conditional variance at the inﬁnite horizon.
Speciﬁcally, referring to the multivariate, trans- n a t i o n a lm o d e ld e s c r i be di ne x p r e s s i o n s
(1) - (3), if et is a (2m x 1) selection vector with unity in its r-th element, and zeros
elsewhere, then the persistence of a shock to output (1 ≤ r ≤ m)o rp r i c e s( m +1≤ r ≤


















i), A0 = I2m.Q (y1
i)a n dQ(p1
i) are to be interpreted as measuring
the permanent eﬀect in nation i of the shock to output (or prices) that results from an
innovation causing output (or prices) in that nation to rise by one percent on impact.
The persistence measures incorporate all of the interactions between variables in the
system, insofar as they aﬀe c to u t p u t( o rp r i c e s )i nn a t i o ni at the inﬁnite horizon. Just
as the asymptotic persistence measure given in equation (11) is of potential importance
in understanding the response of the CFA economies to shocks, so also is the path to the
asymptote. This time proﬁle of the response to shocks (“persistence proﬁle”) is calculated
9as in equation (11), but replacing A(1) (which represents the inﬁnite horizon entity)
with the corresponding n-th horizon matrix, A(L)=
Pn
k=0 AkLk.4 Both the asymptotic
measure and persistence proﬁles will be discussed in the following section.
In a similar vein, we can calculate a measure of the permanent eﬀect on nation i’s
output (or prices) of a unit shock to output (prices) in the whole monetary union by
using the selection vector wy (or wp). This is a 2m x 1 selection vector with ones in the
ﬁrst m (in the case of prices, the ﬁrst m +1t o2 m) elements, and zeros elsewhere. The
persistent eﬀect on nation i’s output, when a shock causes economy-wide output to rise















w h e r et h ev a l u eo fr (1 ≤ r ≤ m) determines the selection of the output of a particular
nation. An analogous expression can be given for the persistent eﬀects of a unit shock to
economy-wide inﬂa t i o no nn a t i o n a lp r i c e s( Q(p2
i)) by using wp in place of wy in expression
(12) with m +1≤ r ≤ 2m.
It is possible to construct various decompositions of these persistence measures. Con-
sider ﬁrst decomposing the vector of shocks to each variable in each nation into three
orthogonal components: a part due to a union-wide output shock, a part due to a union-












t represent the union-wide output and price shocks and εd
t is the 2m x1
vector of idiosyncratic innovations. Now consider a typical εt, that is, one causing output
in all nations to rise by one percent on impact. For each nation i, it is possible to construct
a persistence proﬁle for output corresponding to the common-output-shock component
of this εt. This persistence measure will be denoted Q(y3
i). Q(y3
i) can be thought of
as one component of Q(y2
i), the other main components being the output persistence
measure corresponding to common shocks to prices (which we will call Q(y
3p
i )), and that
4See Lee and Pesaran (1993), Lee (1998), Lee and Shields (1998) for further details of how persistence
proﬁles can be derived.
10corresponding to the idiosyncratic innovation εd
t (which we will call Q(y3x
i )).5
An analogous exercise can be performed with price persistence proﬁles. Consider a
typical εt causing prices in all nations to rise by one percent on impact. For each nation
i, it is possible to construct a persistence proﬁle for prices corresponding to the common-
price-shock component of this εt. This persistence measure will be denoted Q(p3
i). Q(p3
i)
can be thought of as one component of Q(p2
i), the other main components being the
price persistence measure corresponding to common shocks to output (Q(p
3y
i )), and that
corresponding to the idiosyncratic innovation εd
t (Q(p3x
i )).
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where 1 ≤ r ≤ m and m +1≤ r ≤ 2m for Q(y3
i)a n dQ(p3
i), respectively. In a similar
way, we can construct persistence measures for output and prices corresponding to the
idiosyncratic component of εt, εd
t.
In summary, we have three types of persistence measure for output growth (and inﬂa-
tion). Estimates of these three measures will be presented in the following section:
1. Q(y1
i)( o rQ(p1
i)): a measure of how output (or prices) in each nation evolves in
response to a typical shock to output (or prices) in that nation.
2. Q(y2
i)( o rQ(p2
i)): a measure of how output (or prices) in each nation evolves in
response to a typical union-wide shock to output (or prices).
3. Q(y3
i)( o rQ(p3
i)): a measure of how output (or prices) in each nation evolves in
response to the common-output-shock component (or common-prices-shock compo-
nent) of a typical union-wide shock to output (or prices). Corresponding to this
measure is a measure of persistence in response to the nationally idiosyncratic com-
ponent.
5The three components do not sum exactly to because this expression also incorporates some covariance
terms.
11All three measures are of potential importance in understanding how the CFA economies
respond to economic shocks. The ﬁrst measure provides a basic indication of how similar
or dissimilar the dynamics of output and prices are across CFA nations. Similar values
for persistence measures indicate a degree of homogeneity in the dynamics of each nation,
although they do not indicate how similar shocks are across nations. For this reason the
second two measures are also of potential interest.
The second persistence measure is of potential use in assessing the relative sizes of
typical shocks to each country, and the consequences of diﬀerences in these sizes. If in
some countries shocks are larger on average, then their Q(y2
i) measure will be relatively
large at short horizons. If these relatively large shocks are attenuated by cross-country
convergence over the longer term, then the Q(y2
i)m e a s u r e sa tl o n g e rh o r i z o n sw i l le x h i b i t
less heterogeneity. Even if prices are co-integrated across nations, so that there is no
heterogeneity at the inﬁnite horizon, there might nevertheless be heterogeneity in the
paths to the asymptote. The larger the magnitude of such heterogeneity, the greater will
be the degree of international price distortions resulting from the shock.
The usefulness of the second measure of persistence is predicated on knowledge about
the degree of correlation of innovations on impact. The third measure of persistence
complements the second, since it is based on that component of innovations in output
( o rp r i c e s )t h a ti sc o m m o nt oa l ln a t i o n s . I fp e rsistence measures corresponding to the
common innovations are large relative to the persistence measures corresponding to the
idiosyncratic innovations then we can expect a larger degree of homogeneity in the move-
ment of output and prices across nations, ceteris paribus. If the persistence measures
corresponding to the idiosyncratic innovations are relatively large, then we can expect a
greater degree of heterogeneity. The potential costs of sharing a single currency are likely
to depend on how large this heterogeneity is.
Implicit in the construction of the Q(y2
i)a n dQ(y3
i) ﬁgures is a normalisation: they
are based on a shock that creates a unit change in CFA-wide output on impact. On this
b a s i s ,w ec a nm a k eo b s e r v a t i o n sa b o u tt h er e l a t i v ec o s t sf o rd i ﬀerent countries of sharing
a single currency, and whether these costs might be lower or higher in a world where the
monetary unions had a diﬀerent membership. We do not make any comments about the
12absolute costs of sharing a single currency: in the absence of any knowledge about the
relevant policymakers’ utility functions, it is not possible to create a sensible metric for
such an assessment.
3 Estimating Measures of Persistence
In this section we present our estimates of the three persistence measures discussed in
Section 2, using the national real GDP and GDP deﬂator data from the World Bank
World Development Indicators. These measures are based on a VECM model of annual
price inﬂation and GDP growth in ten CFA countries for the period 1967-2000. These
are, in the UEMOA: Burkina Faso, Cˆ ote d’Ivoire, Mali, Senegal and Togo; and in the
C E M A C :C a m e r o o n ,C e n t r a lA f r i c a nR e p u b l i c ,C o n g oR e p u b l i c ,G a b o na n dC h a d .T h e
relevant data for the other fours CFA countries (Benin, Equatorial Guinea, Guinea-Bissau
and Niger) were either not reported at all, or else were unreliable, for some of the sample
period.
3.1 Time-series properties of the data and estimation of the VECM model
The ﬁrst stage of our empirical analysis is to test for the order of integration of our price
and output series, using the standard panel unit root test of Im et al. (2003). We stack
the regional output series and the regional price series and perform just two unit root
tests, and under the assumption that all the output series and all the price series will be
of the same order of integration, the test statistics have a standard normal distribution.
(We think that the panel unit root tests are more appropriate here than univariate tests:
we do not believe that the CFA countries are so heterogeneous as to manifest diﬀerent
orders of integration of prices and output. But in any case, the application of a battery
of univariate unit root tests, available on request, does not alter our conclusions about
the order of integration of the series.) The panel unit root test statistics are reported in
Table 2. The table indicates the logarithms of both prices and output to be diﬀerence
stationary, so the modelling framework in diﬀerence form outlined in the previous section
is appropriate to our data. Figures 2-5 illustrate the output growth and inﬂation series
13that we use.
[Figures 2-5 and Table 2 here]
We also test for the four types of cointegration implicit in equation (10) above: coin-
tegration between prices and GDP within one country, cointegration between national
prices and the price aggregate in the appropriate monetary union, inter-union price coin-
tegration, and cointegration between national GDP and the CFA average. In testing for
cointegration between price and output in country i, residuals from an Engle-Granger
regression are taken and standard unit root tests applied to the residuals. With regard
to testing for cointegration existing between the same variable across countries, we again
make use of the panel unit-root tests of Im et al (2003). In this case, residuals from re-
gressions over all countries of the country i variable on a union-wide aggregate of the same
variable exluding country i are stacked and the standard panel unit root test is applied.
Details of the cointegration results are provided in the Appendix in Table A2. Brieﬂy, we
ﬁnd that:
1. For no country is GDP cointegrated with prices.
2. For no country is GDP cointegrated with average CFA GDP.
3. For all countries prices are cointegrated with the union-wide aggregate, with a load-
ing insigniﬁcantly diﬀerent from [1, -1]. In other words, there is PPP in levels with
a ﬁxed wedge.
4. UEMOA prices are cointegrated with CEMAC prices.
So the estimated VECM is a restricted version of equation (10) in which λyi and
λi are set to zero. The cointegration of national prices means that, by construction,
persistence measures for CFA-wide price shocks will converge asymptotically. However,
the persistence proﬁles for national prices might still exhibit substantial heterogeneity,
since the convergence is consistent with regional heterogeneity in short run price dynamics.
The absence of cointegration in regional GDP means that heterogeneity in persistence
proﬁles is a possibility in both the short and the long term.
14Table A1 in the Appendix provides the detailed regression results. This set of regres-
sions takes the form of equation (10), with two deterministic components: an intercept
and a dummy variable for the post-devaluation period (1994-2000). The time-series for
inﬂation in Figures 4-5 show that 1994 saw an atypically large shock to prices in many
of the CFA countries. The persistence proﬁles discussed below are based on estimated
innovations other than the 1994 devaluation.
The unrestricted regressions contain many parameters that are individually statisti-
cally insigniﬁcant: with so many nuisance parameters, the power of diagnostic tests is
very low and the standard errors on persistence measure very high. So Table A1 reports
a restricted version of the regression equations in which very small and statistically in-
signiﬁcant coeﬃcients are set to zero.6 The persistence proﬁl e sa r eb a s e do nt h i ss e to f
regressions.7 The table shows many individual interactions between output and prices
in the diﬀerent members of the CFA. In almost all cases inﬂation responds to the λpi
error-correction term in equation (10). In other words, prices in a country respond to
any divergence from PPP with the other members of its monetary union. In several of
the CEMAC countries (but not in any of the UEMOA countries) the λzi error-correction
term is signiﬁcant. In other words, the long-run PPP that holds between the two mone-
tary unions appears to be a consequence of CEMAC convergence on UEMOA prices. In
this sense, the CEMAC area follows the UEMOA area. For all countries the devaluation
dummy (DUM94) has a signiﬁcant eﬀect in the price equation.
6Formally, the speciﬁcation search rule, whilst ensuring the stability of the system, excludes coeﬃcients
with t-ratios with absolute values less than one only if the F-test for the joint exclusion of restrictions is
satisﬁed.
7The variables omitted from the restricted regression are not jointly signiﬁcant, and the restricted
regression is to be preferred on the basis of the Akaike Information Criterion. The diagnostic statistics
reported in Table A1 suggest the absence of residual autocorrelation and heteroskedasticity in the regres-
sions. In one or two cases the null of residual normality can be rejected, but the omission of the oﬀending
residual outliers does not substantially alter our results.
153.2 Estimates of regional persistence in output
Figures 6-7 illustrate persistence proﬁles for output for each of the ten countries. Figure
6s h o w st h eQ(y1
i) measures, which show, for each country, the consequences of a typi-
cal shock to the system causing output in that country to rise by one unit on impact.
Figure 7 shows the Q(y2) measures, which show, for each country, the consequences of a
typical shock causing output across all ten countries to rise by one unit on impact. The
corresponding asymptotic persistence measures are listed in Table 3 with their respective
standard errors.
Figure 6 shows a wide range of responses to a unit shock to output. In all cases, the
initial shock is multiplied in the long run; this is partly due to the positive response of
∆y to lagged in many of the countries (Mali, Senegal, Togo, Cameroon, CAR, Chad).
However, the range of estimated multiplier eﬀe c t si sv e r yg r e a t ,b o t hi nt h es h o r tr u na n d
asymptotically: in Senegal, a unit shock leads to an eventual increase of 1.02; at the other
extreme, a unit shock in Congo Republic leads to an eventual increase of 4.49.8 There is
no obvious pattern suggesting that a certain degree of persistence pertains to a certain
type of economy.
This is not true when we move to Figure 7, which shows the persistence proﬁles for a
typical shock leading to an aggregate increase in output of one unit across the CFA. The
four largest shocks on impact are in CEMAC countries (all the CEMAC countries except
CAR); these are also four out of the ﬁve countries with the largest ﬁgures at the inﬁnite
horizon.9 In other words, the ‘average’ shock causing an aggregate increase in output
across the CFA is associated with relatively large initial output changes — on average —
8At the inﬁnite horizon standard errors are rather high, making it diﬃcult to assess which asymptotic
eﬀects are signiﬁcantly diﬀerent from each other. However, the standard errors on the eﬀects at a shorter
horizon are somewhat smaller. For instance, in the cases of Mali, Togo, Congo Republic and Chad,
the standard errors on impact are smaller by a factor of approximately twenty, whilst for CAR, Gabon,
Bukina Faso, Cˆ ote d’Ivoire and Cameroon, they range roughly from respectively being a sixth to a twelfth
of the inﬁnite horizon standard errors, and for Senegal, approximately three times smaller.
9Togo from the UEMOA joins the group of high persistence proﬁle countries at longer horizons. Its
typical initial shock is almost as large as for the CEMAC countries, and its multiplier eﬀect is the second
largest of the ten.
16in the petroleum-exporting countries (Cameroon, Congo Republic and Gabon), plus one
of their small CEMAC partners (Chad). Put another way, all of the CEMAC countries
except CAR are typically subject to larger shocks than their UEMOA neighbours. Cross-
country diﬀerences in levels of persistence are not great enough to change this picture
substantially when we look at the impact of a typical shock in later years.
The Q(y2
i) measures indicate that output shocks in the petroleum exporters are typ-
ically larger on impact than in other countries, and have a larger long-run eﬀect. The
Q(y3
i) ﬁgures in Table 3 indicate that a very large part of these shocks is owing to country-
speciﬁc speciﬁce ﬀects. In other words, the idiosyncratic component of Q(y2
i), i.e. Q(y3x
i ),
is large relative to the components reﬂecting common shocks, i.e. Q(y
3y
i )a n dQ(y
3p
i ). This
means that in the CEMAC area shocks to output (and the resulting output growth) are
both relatively large and heterogeneous. If output stabilisation is regarded as an impor-
tant policy goal, and if monetary policy can be harnessed eﬀectively to pursue this goal,
then the CEMAC countries may face relatively large costs from sharing a single currency.
Moreover the UEMOA countries, where shocks are much smaller (if no less heterogeneous),
stand to gain from using a diﬀerent currency from their petroleum-exporting neighbours.
The one country for which there is a rationale for switching between monetary areas is
the non-petroleum-exporting CAR, whose persistence proﬁles are closer to those of the
UEMOA than of the CEMAC.10
[Figures 6-9 here]
3.3 Estimates of regional persistence in prices
Figures 8-9 illustrate persistence proﬁles for prices for each of the ten countries. Figure
8s h o w st h eQ(p1
i) measures, which show, for each country, the consequences of a typ-
ical shock to the system causing prices in that country to rise by one unit on impact.
Figure 9 shows the Q(p2
i) measures, which show, for each country, the consequences of a
10If Cameroon, Congo Republic and Gabon all export petroleum, why are their output shocks not
very highly correlated? Gabon exports a wide range of minerals other than petroleum (for example,
manganese), and, in Cameroon, the share of petroleum exports in GDP is rather smaller than in the
other countries.
17typical shock causing prices across all ten countries to rise by one unit on impact. The
corresponding asymptotic persistence measures are listed in Table 3 with their respective
standard errors.11
Figure 8 and Table 3 show that the Q(p1
i) price persistence measures are just as
heterogeneous as the equivalent measures for output. In some cases (the two most oil-
dependent countries, Congo Republic and Gabon) there is a very low level of persistence,
and a unit shock to prices is somewhat attenuated in the long run. In the other countries
there is a long run multiplier eﬀect ranging from a factor of 1.55 in Togo and Cˆ ote d’Ivoire
to a factor of 4.00 in Mali.
As Figure 9 shows, this disparity does not lead to any heterogeneity in the Q(p2
i)
measures in the very long run, because prices across all of the countries are cointegrated.
However, the convergence is very slow, and the heterogeneity in the size of the shocks on
impact is substantial. A typical shock leading to a unit increase in aggregate prices on
impact is associated with a price increase of 0.35 in Congo Republic and of 0.33 in Gabon;
in all the other countries, the ﬁgure is less than 0.2. Even at the four-year horizon, the
persistence measures for Congo Republic and Gabon are 0.31 and 0.28 respectively, the
next highest ﬁg u r eb e i n g0 . 2 1( C ˆ ote d’Ivoire). In other words, price shocks are typically
very much larger in the two most oil-dependent countries, and long-run price convergence
is not fast enough to eradicate this diﬀerence at any time horizon likely to be of interest
to a policymaker.
Table 3 includes information about the Q(p3
i)c o m po n e n t so fQ(p2
i). Price cointegration
means that these ﬁgures are the same for all countries at the inﬁnite horizon, though the
stylised facts discussed here are also generally true of the Q(p3
i)m e a s u r e sf o rd i ﬀerent
countries at ﬁnite horizons. Q(p3x
i ) is roughly as large as Q(p
3p
i )a tt h ei n ﬁnite horizon,
and Q(p
3y
i ) is very much smaller. In other words, the fraction of Q(p2
i)( t h a ti s ,t h e
11Again, as in the case of the output proﬁles, the persistence proﬁles are estimated relatively more
precisely at the short horizon compared to the inﬁnite horizon. For instance, for Chad, Senegal, Bukina
Faso and Mali, the short horizon standard errors are respectively in the range of being roughly nine to
sixteen times smaller relative to their long-run counterparts, whilst for the Congo Republic, CAR, Cˆ ote
d’Ivoire, Gabon, Togo and Cameroon, the respective range is approximately between two to six times
smaller.
18asymptotic eﬀect of a typical shock causing aggregate prices to rise by one unit on impact
across the CFA) that is accounted for by the response to a common price shock is about
as large as the fraction accounted for by the response to an idiosyncratic shock. Given
the relative homogeneity of the Q(p2
i) persistence proﬁles for the eight CFA countries
excluding Congo Republic and Gabon (see Figure 9), this means that a policymaker
concerned primarily with price stabilisation is much more likely to meet her objectives
with a monetary area that excludes the two large petroleum exporters.
Overall, the picture for the price persistence proﬁles is very similar to that for output
persistence proﬁles. The heterogeneity and persistence of shocks is generally lower for the
UEMOA countries than for the CEMAC countries, and therefore presents fewer problems
in reaching hypothetical stabilisation objectives. The proﬁle for some CEMAC countries
(just CAR in the case of output shocks, but also Cameroon and Chad in the case of price
shocks) is close to that for the typical UEMOA country. So the diﬃculty of meeting
output / price stabilisation objectives in the UEMOA would not be substantially greater
if these countries shared the UEMOA currency. However, the two big CEMAC petroleum
exporters, Congo Republic and Gabon, are always the exception. Price and output shocks
in these two countries are typically larger than elsewhere, and these shocks have a high
degree of persistence.
4S u m m a r y a n d C o n c l u s i o n
We have ﬁtted a VECM model of output and prices in ten CFA countries, in order to
explore the characteristics of inﬂation and output growth dynamics in the region. The
dynamics are characterised in terms of persistence proﬁles, an approach that avoids the
imposition of questionable identifying restrictions in a data set including some very low
income countries about which little is known from a macroeconomic perspective. In
this way we can make some observations about the relative degree of macroeconomic
heterogeneity in the two monetary unions that make up the CFA, about relative diﬃculty
of achieving price and output stabilisation objectives under the current conﬁguration of
countries, and about the relative merits of alternative conﬁgurations.
A common pattern that emerges in our results is that there is less heterogeneity in
19the macroeconomic dynamics of the UEMOA countries than there is among the CEMAC
m e m b e r s ,a n ds ot h ec o s t so fa d h e r i n gt oas i n g l ec u r r e n c ya r el i k e l yt ob el o w e r ,c e t e r i s
paribus. To some extent, the heterogeneity to be found among the CEMAC countries
is a consequence of the presence of two economies — Congo Republic and Gabon — that
are heavily dependent on mineral exports, particularly petroleum. In some ways, the
macroeconomic dynamics of some of the other CEMAC members are closer to those of
the UEMOA. This is even true to some extent of Cameroon, which is a petroleum exporter
but has a more diversiﬁed export base.
If the CFA adopted a single currency in place of the existing two, the presence of large
petroleum exporters would probably make the achievement of stabilisation objectives in
the current members of the UEMOA more diﬃcult. These results are likely to reinforce
the reluctance of the UEMOA to respond positively to the stated aim of the non-CFA
members of ECOWAS — including Nigeria — to form a monetary union across the ECOWAS
area.
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22Table 1: Summary Statistics for Ten CFA Countries 
 
 Gross  National 
Income ($bn) 
per capita GNI 
($1000) 
agriculture value 
added / GDP 
industry value added / 
GDP 
Burkina Faso  2.4  0.21  0.35  0.17 
Cote d’Ivoire  9.6  0.60  0.29  0.22 
Mali 2.5  0.24  0.46  0.17 
Senegal 4.7  0.49  0.18 0.27 
Togo 1.3  0.29  0.38  0.22 
Cameroon 8.6  0.58  0.44  0.20 
CAR 1.0  0.28  0.55  0.20 
Congo 1.7  0.57  0.05  0.71 
Gabon 3.9  3.19  0.06  0.53 
Chad 1.5  0.20  0.39  0.14 
 
 
Table 2: Panel Unit Root Test Results 
 
variable t-bar stat. variable t-bar stat.
y -0.583  p +3.10 
∆y  -12.80  ∆p  -7.77 
 
Notes: Figures in bold indicate rejection of the null that the series are I(1) against the alternative that 




  23Table 3: Asymptotic Effects of Different Shocks to the System 
Effect of a shock causing initial output (prices) to rise by 
one unit in country i
  Effect of a shock causing an initial zone-wide rise in 
output (prices) of one unit
  





Burkina Faso 2.2145 1.2664 2.6144 1.1697 0.2920 0.1670 0.2902 0.1298 
Côte d’Ivoire  3.1904                1.4713 1.5507 0.6938  0.5403 0.2492 0.2902 0.1298
Mali  1.8072                1.7018 4.0043 1.7915  0.3914 0.3686 0.2902 0.1298
Senegal  1.0245                0.6308 3.3226 1.4865  0.2096 0.1291 0.2902 0.1298
Togo  3.9580                2.7251 1.5487 0.6929  0.9636 0.6634 0.2902 0.1298
Cameroon  2.9417                1.5606 2.8006 1.2530  0.7229 0.3835 0.2902 0.1298
CAR  1.4901                1.4392 2.0786 0.9300  0.2683 0.2591 0.2902 0.1298
Congo Republic  4.4883                5.5914 0.8255 0.3693  1.1049 1.3764 0.2902 0.1298
Gabon  3.0896                4.1652 0.8802 0.3938  1.5869 2.1393 0.2902 0.1298
Chad  3.0721                3.3620 1.8067 0.8083  1.2398 1.3568 0.2902 0.1298
 
    Decomposition of the effects of a shock causing an initial zone-wide rise in output* 
   Q(y
3) share  s.e.    Q(y
3p) share  s.e.    Q(y
3x) share  s.e.   
Burkina Faso 0.0654 0.0447 0.0275 0.0447 0.2766 0.1663
Côte d’Ivoire  0.1583            0.0600  0.0074 0.0600  0.5156 0.2379 
Mali  0.1711            0.0646  0.0491 0.0646  0.3495 0.3958 
Senegal  0.0939            0.0329  0.0258 0.0329  0.1756 0.1384 
Togo  0.1356            0.1643  0.4778 0.1643  0.9135 0.6246 
Cameroon  0.2260            0.1051  0.2794 0.1051  0.6702 0.2677 
CAR  0.1239            0.0510  0.0261 0.0510  0.2348 0.2929 
Congo Republic  0.3139            0.2185  0.4587 0.2185  1.3002 1.5544 
Gabon  0.1689            0.2911  0.0961 0.2911  1.5540 2.0968 
Chad  0.0221            0.2215  0.1327 0.2215  1.2880 1.4371 
 
    Decomposition of the effects of a shock causing an initial zone-wide rise in prices* 
   Q(p
3) share  s.e.    Q(p
3y) share  s.e.    Q(p
3x) share  s.e.   
all  0.2280 0.0395 0.0379 0.0395 0.2066 0.0792
* The shares in each row do not sum exactly to the total effect Q(z
2) because of non-zero covariance terms.
 24Figure 1: The CFA Franc Zone and its Neighbors 
 




1 = Benin; 2 = Burkina Faso; 3 = Côte d’Ivoire; 4 = Guinea-Bissau; 5 = Mali; 6 = Niger;  
7 = Senegal; 8 = Togo; 9 = Cameroon; 10 = CAR; 11 = Chad; 12 = Congo Republic;  
13 = Gabon; 14 = Equatorial Guinea; Ga = Gambia; Gh = Ghana; Gu = Guinea-Conakry;  
L = Liberia; M = Mauritania; N = Nigeria; S = Sierra Leone 
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Figure 2: Annual GDP growth in five UEMOA countries 
 

























Figure 3: Annual GDP growth in five CEMAC countries 
























Figure 4: Annual inflation in five UEMOA countries 
 
























Figure 5: Annual inflation in five CEMAC countries
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Figure 6: Effect of a shock causing initial output to rise by one unit in country i (Q(y
1)) 
 


















Figure 7: Effect of a shock causing an initial zone-wide rise in output of one unit (Q(y
2)) 
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Figure 8: Effect of a shock causing initial prices to rise by one unit in country i (Q(p
1)) 
 













Figure 9: Effect of a shock causing an initial zone-wide rise in prices of one unit (Q(p
2)) 
  29Appendix Table A1: The Fitted Regression Equations 
 
Dependent Variable = ∆yit 
 
Regressors BFA  CIV  MLI  SEN TGO CAM CAR CON GAB TCD 
  .           
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(-1.8797) 
































   











            
R
2 0.3900 0.5078 0.2682 0.1892 0.4148 0.0521 0.3240 0.5074 0.2834 0.1650 
Σ  0.0286 0.0359 0.0451 0.0448 0.0527  0.94  0.0407 0.0533 0.1069 0.0856 
LMAC  p  0.01 0.14 0.06 0.14 0.28 0.32 0.94 0.70 0.45 0.58 
FF  p  0.68 0.38 0.79 0.91 0.05 0.80 0.14 0.75 0.25 0.73 
Normality  p  0.19 1.00 0.31 0.27 0.73 0.97 0.84 0.27 0.99 0.88 
Heterosk.  p  0.31 0.57 0.30 0.02 0.54  0.4616  0.76 0.41 0.07 0.08 
 
  30Dependent Variable = ∆pit 
 
Regressors BFA  CIV  MLI  SEN TGO CAM CAR CON GAB TCD 
  .           


























   
∆pi-2  -0.3020 
(-1.0174) 
   -0.4159 
(-2.2480)
     -0.2154 
(-1.1439)
∆y-1      1.1705 
(1.6639)
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R
2 0.6031 0.5059 0.8394 0.6696 0.5245 0.5483 0.6333 0.1470 0.4083 0.6365 
Σ  0.0425 0.0745 0.0283 0.0341 0.0779 0.0404 0.0568 0.1345 0.1313 0.0668 
LMAC  p  0.94 0.16 0.29 0.96 0.35 0.32 0.40 0.14 0.05 0.63 
FF  p  0.24 0.46 0.63 0.58 0.14 0.72 0.61 0.73 0.43 1.00 
Normality  p  0.23 0.97 0.10 0.97 1.00 0.63 0.90 1.00 0.19 1.00 
Heterosk.  p  0.43 0.20 0.12 0.30 0.12 0.18 0.69 0.45 0.74 0.46 
Notes: In each part of the table ‘LMAC p’ is the p-value from an LM test for first-order residual 
autocorrelation, figures greater than 0.95 indicating rejection of the null of no autocorrelation at the 
5% level. ‘FF p’ corresponds to a RESET test for the validity of the functional form. ‘Normality p’ 
corresponds to a Jarque-Bera test for residual normality. ‘Heterosk. p’ corresponds to a test for 
heteroskedasticity. 
  31Appendix Table A2: Cointegration Test Results 
 
 
Cointegration between output and price in country i 
 














Panel Tests for Cointegration 
 
  t-bar Test Statistic 
Cointegration between output in 
country i and average CFA output
 
-0.79 
Cointegration between prices in 
country i and average CFA prices 
 
-3.04 
   
 
Notes: The upper part of the table gives ADF test statistics based on a regression of the Engle-Granger 
residuals as described in the text, and contain a constant term. The lower part of the table gives the t-
bar Test Statistic based on Im et al. (2003) with no deterministic trend in the ADF regressions. Figures 
in bold indicate rejection of the null that the series are I(1) against the alternative that they are I(0) at 
the 5% level.  
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